We measured basal and peak acid outputs, food-stimulated acid secretion, and basal and food-stimulated serum gastrin concentrations in a large group of duodenal ulcer patients and normal subjects. Basal and peak acid outputs were significantly higher in ulcer patients. In contrast, acid secretion was similar in the groups when food was infused into the stomach and when sham feeding was combined with meal infusion to simulate normal eating. Meal-stimulated acid secretion, expressed as a percentage of peak acid output to correct for differences in secretory capacity, was lower in ulcer patients (P < 0.002). Basal serum gastrin concentrations were higher in ulcer patients, which may have contributed to higher basal acid output. However, increases in serum gastrin after food were similar in the groups. Duodenal ulcer patients, as a group, have increased basal and maximal acid secretion, but the amount of acid secreted and gastrin released after eating is normal.
Introduction
Mean basal (BAO)' and peak acid outputs (PAO) consistently have been reported to be increased in patients with duodenal ulcer (DU) disease (1) . In contrast, there has been no concensus as to whether food-stimulated acid secretion is also increased in DU patients (2) . Results ofsome studies in relatively small groups ofpatients and controls have suggested that food-stimulated acid secretion is higher in DU patients than in normal subjects (3) (4) (5) , although other investigators have been unable to confirm this (6, 7) . The present experiments were designed to compare food-stimulated acid secretion in much larger groups of DU patients and normal subjects than have been reported previously. Because gastrin is the major mediator of food-stimulated acid secretion (8, 9) , serum gastrin concentrations were measured as well. BAO and PAO also were determined in each patient and subject for comparison. Studies were approved by a Human Research Review Committee and all participants gave written informed consent prior to inclusion in these experiments.
Ulcer patients and normal subjects
In this study 58 patients with chronic, inactive DU (50 male) and 91 normal subjects (65 male) participated. Mean age was 46 yr (range 22-75 yr) in the DU group and 30 yr (range 19-50 yr) in the control group. Antisecretory medications were discontinued for 48 h before each study in DU patients. All experiments were carried out after patients and subjects had fasted for at least 12 h overnight. The next morning, a nasogastric tube (AN 10, H. W. Andersen Products, Inc., Oyster Bay, NY) was swallowed and then positioned in the dependent portion of the stomach under fluoroscopic guidance.
Basal and peak acid output
In each patient and subject, BAO was measured for 1 h, followed by measurement of PAO for 1 h in response to a subcutaneous injection of 6 ,g/kg pentagastrin or 40 ,ag/kg histamine acid phosphate (10) . Samples of gastric juice were collected by aspiration (Stedman Suction Pump, American Cystoscope Makers, Inc., Stamford, CT), with suction applied for 48 out of 60 s. Each sample of gastric juice was collected for 15 min. The volume was measured and hydrogen ion concentration was determined by glass electrode (1 1). Acid output was calculated by multiplying volume in liters times hydrogen ion concentration in millimoles. BAO was defined as the sum of the four 15-min acid outputs during the first hour, whereas PAO was defined as the sum ofthe two highest consecutive 15- sponse to a meal which was infused directly into the stomach through 582 the nasogastric tube, bypassing the cephalic phase of acid secretion. Experiment 2 was designed to simulate normal eating, evaluating the effect of all three phases of food-stimulated acid secretion (cephalic, gastric, and intestinal phases) (12). As described above, a blended steak meal was infused through a nasogastric tube. In addition, sham feeding, using a chew-and-spit technique (12), was carried out during the initial 30-min period after intragastric meal infusion. The meal used for sham feeding consisted of 227 g ofsirloin steak, 142 g of french-fried potatoes, and 300 ml of water. As in experiment 1, acid secretion was measured for 2 h by in vivo intragastric titration to pH 5.0. 19 DU patients and 21 normal subjects participated in this experiment. Experiment 3. In the first two experiments, the acid secretory response to the meal was still in progress at the termination ofthe 2 h experiment (see Results below). Experiment 3 was designed to follow the acid secretory response to the meal for 5 h. BAO was measured for 1 h as described above and then a meal identical to that in experiment 1 and 2 was infused through a nasogastric tube. Acid secretion was measured by in vivo intragastric titration to pH 5.0 for the first 3 h after the meal. At the end of 3 h, measurement ofacid secretion by in vivo titration becomes technically difficult because most of the meal has emptied from the stomach and intragastric volume is small, making it difficult to obtain frequent gastric juice samples and to titrate accurately. Therefore, gastric contents were emptied by aspiration 3 h after the meal; then acid secretion was measured by aspiration during the fourth and fifth postprandial hours (10) . 15 DU patients and 15 normal subjects participated.
Experiment 4. In a final series of experiments, we compared serum gastrin concentrations before and for 2 h after a normally eaten meal in 15 DU patients and 15 normal subjects. The meal was identical to the meal that was homogenized and then infused into the stomach in experiments 1-3. All patients finished eating the meal within 15 min. In these studies, subjects and patients were not intubated and no attempt was made to measure acid secretion or to control intragastric pH at 5.0.
Measurement ofserum gastrin
Blood samples were obtained at times indicated in Results through an indwelling catheter, which was placed in a forearm vein and kept open by slow infusion of 0.15 M NaCl. Coded sera were shipped from Dallas to Los Angeles on dry ice for gastrin assay. Serum gastrin concentrations, measured using C-terminal-directed antibodies equally reactive to little gastrins (G-17) and big gastrins G-34 (13) , were expressed in picograms per milliliter. Because of the large number of specimens in experiments 1 and 2, samples for gastrin measurement were not run together in the same assay. On the other hand, all sera from DU patients and controls in experiment 3 were assayed together, as were all serum samples from experiment 4.
Statistical methods
Results are expressed as mean± 1 SEM. Differences between DU patients and controls were tested by two-tailed group t test, with P values < 0.05 considered significant. Correlation coefficients were calculated by linear regression analysis. Average serum gastrin rises above basal serum gastrin concentrations after the meals were calculated by dividing the integrated gastrin response by 2 h in experiments 1, 2, and 4 and by 5 h in experiment 3 (14) .
Results

Basal and peak acid output
As shown in Fig. 1 (top), mean BAO was approximately twice as high in the 58 DU patients as in the 91 normal subjects (7.1±0.7 vs. 3.3±0.4 mmol/h, P < 0.001). As indicated in Fig.  1 (middle), mean PAO was also considerably higher in the DU group than controls (50.8±2.2 vs. 36.3±1.4 mmol/h, P < 0.001). BAO averaged 14±1% of PAO in DU patients vs. 9±1% of PAO in normal subjects (P < 0.005) (Fig. 1, bottom) . There was con- Meal-stimulated acid secretion and serum gastrin concentration EXPERIMENT 1 Acid secretion. Mean acid secretion after the intragastric meal was only slightly higher in DU patients than normal subjects (Fig. 2, left) . Mean acid secretion for the entire 2-h experiment was only 3.4 mmol/h higher in the DU group (24.3±1.4 vs. 20.9±1.1 mmol/h, P < 0.05), probably a reflection of their 3.8 mmol/h higher mean BAO. In fact, total basal-subtracted 2-h acid secretory responses to the meal were very similar in individual DU patients and controls (Fig. 3, left) . Thus, although DU patients had a much higher maximal secretory capacity (PAO) than controls, they had a similar acid secretory response to the meal. When peak meal-stimulated acid secretion was expressed as a percentage of PAO to pentagastrin or histamine, mean acid secretion was actually lower in DU patients than in normal subjects (Fig. 4 , P < 0.002).
Serum gastrin. As shown in Fig. 2 (right) , mean basal serum gastrin concentration prior to the intragastric meal was higher in DU patients than normal controls (49±4 vs. 36±3 pg/ml, Acid P < 0.005). Serum gastrin concentration increased by similar amounts in the two groups after the meal. Average serum gastrin rises after the meal were nearly identical in individual DU patients and normal subjects (Fig. 3, right) . EXPERIMENT 2 Acid secretion. Mean acid secretion was similar in DU patients and normal subjects after the combined intragastric meal-sham feeding experiment (Fig. 5, left) . Total, 2-h acid secretion was not significantly different, averaging 32.8±3.9 mmol/h in DU patients and 30.8±2.9 mmol/h in normal subjects. As in experiment 1, peak meal-stimulated acid secretion, expressed as a percentage of PAO, was significantly lower in DU patients than in normal subjects (82±6 vs. 1 13±7%, P < 0.001).
Serum gastrin. Although mean basal serum gastrin concentration was higher in DU patients than in normal controls (50±5 vs. 28±4 pg/ml, P < 0.001), the serum gastrin increase after the combined intragastric meal-sham feeding experiment was similar
in the two groups (Fig. 5, right) . Average serum gastrin rises during the experiment were 57±7 pg/ml in DU patients and 70±13 pg/ml in normal controls (P > 0.05).
EXPERIMENT 3
Acid secretion. In normal subjects, mean acid secretion rates were significantly higher than BAO for the first 4 h after intragastric meal infusion (Fig. 6, top left) . By the fifth postprandial hour, however, acid secretion had returned to the mean basal rate of 3.3 mmol/h for these 15 normal subjects. In DU patients, on the other hand, mean acid secretion remained significantly higher than BAO for the entire 5 h period after meal infusion (Fig. 6, bottom left) . During the fifth postprandial hour, acid secretion averaged 14.6±2.9 mmol/h (P < 0.02 compared with BAO of 10.9±2.5 mmol/h for these 15 DU patients). Serum gastrin. As shown in Fig. 6 (right), mean basal serum gastrin concentrations prior to the meal were higher in DU patients than in normal subjects (76±8 vs. 52±8 pg/ml, P < 0.005).
However, the pattern of gastrin release over the 5 h experiment was similar in the two groups. Average serum gastrin rises in response to the meal were not significantly different (55±8 pg/ ml for DU patients compared with 64±11 pg/ml for normal subjects). EXPERIMENT 4 In this experiment the meal was eaten normally and intragastric pH was allowed to seek its natural level. Basal serum gastrin concentrations before the meal were not significantly different in the two groups (Fig. 7) . After the meal, serum gastrin concentrations were slightly but not significantly lower in DU patients, with average serum gastrin rises after the meal of 40±6 pg/ml in DU patients and 59±24 pg/ml in normal subjects (P > 0.05).
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Discussion
Our results confirm that DU patients have increased basal and peak acid outputs (1, 15, 16 among studies is uncertain, but the numbers of patients and subjects in our studies (especially experiment 1) is by far the largest reported to date. In a recent study by Hirschowitz et al. (22), the maximal amount of gastrin released by bombesin was greater in 9 DU patients than in 10 controls, yet, as in our experiments, the DU patients and controls released approximately the same amount of gastrin after a meal. The gastric acid secretory response to a meal was similar in DU patients and normal subjects, even though the DU patients had a higher maximal acid secretory capacity (PAO). When mealstimulated acid secretion was expressed as a percentage of PAO, in order to correct for differences in secretory capacity among DU patients and normal subjects, acid secretion was actually lower in DU patients than controls. Lower postprandial acid secretion in DU patients, relative to their PAO, is even more remarkable in that these patients started with a significantly higher BAO/PAO than normal subjects. In 1973, Fordtran and Walsh (3) reported that seven DU patients secreted at a higher percent of their PAO than six normal controls after eating, and their findings were supported by a study by Jalan et al. (4) , which included seven DU patients and five controls. These authors suggested that, in addition to a large parietal cell mass, increased parietal cell responsiveness to a meal may be important in the pathogenesis of duodenal ulcer. In two somewhat larger studies, Bodemar et al. (5) and Lam and associates (9) found that meal-stimulated acid secretion was higher in DU patients (n = 16 and n = 25, respectively) compared with controls (n = 14 in both), but acid secretion was similar relative to PAO in the two groups, implying equal parietal cell responsiveness. In contrast, Malagelada et al. (6) and Gross and coworkers (7) found that meal-stimulated acid secretion was similar in DU patients and controls despite a significantly higher PAO in the DU group. Thus, in the study by Malagelada et al. (6) , which included 12 DU patients and 8 controls, and in the study by Gross et al. (7), which included 10 DU patients and 10 controls, meal-stimulated acid secretion represented a lower fraction of PAO in DU patients. In our experiment 1, which included 54 DU patients and 79 controls, meal-stimulated acid secretion rates were similar in the two groups, and peak meal-stimulated acid secretion averaged 72% of PAO in DU patients compared with 84% of PAO in controls (Fig. 4 , P < 0.002). Furthermore, in experiment 2 in which eating was simulated by combining sham feeding with intragastric meal infusion, acid secretion rates were similar in DU patients and controls, and peak meal-stimulated acid secretion averaged 82% of PAO in 19 DU patients and 113% of PAO in 21 controls (P < 0.001). Thus, our study, which is much larger than any previous study comparing foodstimulated acid secretion in DU patients and controls, is in close agreement with previous findings ofboth Malagelada and Gross and their co-workers (6, 7) . It is interesting to speculate why our DU patients secreted at a lower than normal fraction oftheir PAO after a meal. Gastrin is the major stimulant of acid secretion after food (8, 9) , but for two reasons our results suggest that lower postprandial acid secretion in DU patients (relative to their maximal acid secretory capacity) was independent of gastrin. First, postprandial serum gastrin concentrations were similar in DU patients and controls. Thus, parietal cells of DU patients and normal subjects were exposed to similar circulating gastrin concentrations. Secondly, results ofG-17 infusion experiments indicate that, for any given serum gastrin concentration, parietal cells of DU patients and normal subjects secrete at approximately the same percentage ofPAO (22, 33). Thus, ifgastrin were the only factor responsible for food-stimulated acid secretion, one might predict that DU patients and normal subjects would secrete at approximately the same percentage of PAO. To account for our finding that DU patients secreted at a lower fraction of PAO after a meal, it is necessary to postulate that some DU patients either released a deficient quantity of a nongastrin stimulant of acid secretion or, conversely, that, relative to normal controls, some ulcer patients released an inhibitor of acid secretion after a meal.
The major forms ofgastrin released into the circulation after a meal are G-17 and G-34 (34) . Other minor species of gastrin are also released into the circulation after eating that would not be detected by the C-terminal-directed gastrin antibody we employed. For example, the N-terminal tridecapeptide ofG-17, (1-13)G-17, is released after a meal and Petersen et al. (35) have reported that this peptide inhibits, rather than stimulates, acid secretion. These investigators have also reported that postprandial release of(I-1 3)G-17 is excessive in DU patients (36) . Thus, (1-1 3) G-17 is one ofthe candidate substances that may be acting as an inhibitor ofmeal-stimulated acid secretion in DU patients. However, Pauwels et al. (37) have recently reported that (1-13)G-17 does not inhibit acid secretion in humans. Further studies will be required to evaluate the role of (1-13)G-17 as well as other possible inhibitors of food-stimulated acid secretion in DU patients.
During experiment 3, when acid secretion was measured for 5 h after an intragastric meal, DU patients had a somewhat prolonged acid secretory response to the meal, even though during the early postprandial period acid secretion was similar to that ofcontrols. A prolonged postprandial acid secretory response to food in DU patients has been noted previously by Malagelada et al. (6) using an indicator-dilution method to measure acid secretion. It is uncertain why DU patients have prolonged postprandial acid secretion compared to normal individuals. It probably cannot be attributed to gastrin inasmuch the postprandial rise in serum gastrin concentration was similar in both groups during the 5-h period. Delayed emptying of food from the stomach in DU patients could allow prolonged contact of food with gastric mucosa and a prolonged acid secretory response. However, DU patients tend to empty meals more rapidly from the stomach than normal individuals (1, 6) , making delayed gastric emptying an unlikely explanation for the longer duration of food-stimulated acid secretion in DU patients. Regardless of the mechanism, prolonged postprandial acid secretion, coupled with an elevated BAO, probably explains why DU patients have a higher total 24-h acid secretion rate compared to healthy individuals (38) .
Our detailed comparison of acid secretion and gastrin release in DU patients and controls leads to two major conclusions. First, despite generally higher fasting (basal) serum gastrin concentrations, serum gastrin concentrations after a meal increased to the same extent in DU patients and controls. In none of our DU patients did the level of average postprandial gastrin rise exceed the range of average postprandial gastrin in normal individuals. Thus, increased gastrin release in response to a meal is probably a very uncommon pathogenetic factor in duodenal ulcer disease. Secondly, despite higher fasting (basal) acid secretion, DU patients secreted approximately the same amount of acid as did normal subjects after eating, although the acid secretory response to a meal was slightly prolonged in DU patients. That DU patients and normal controls secrete at almost identical rates after a meal is remarkable because the former group has a much larger maximal capacity for acid secretion. Thus, our findings suggest that postprandial acid secretion may be less important in the pathogenesis ofduodenal ulcer disease than basal, interprandial, or nocturnal acid secretion.
